Objectives: Regional differences in mortality might reflect socioeconomic and ethnic differences between regions. The present study examines the relationship between education, unemployment, income, Roma population and regional mortality in the Slovak Republic. Results: Socioeconomic differences in regional mortality were found among males, but not among females. While education and unemployment rate significantly contributed to mortality differences between regions, income and the proportion of Roma population did not. The model explained 32.9 % of the variance in standardised mortality rate among districts for males and 7.6 % for females.
Introduction
The mortality of a particular population is the result of interaction between many conditions and factors of biogenetic, physical and psychosocial character, some of which affect mortality directly (e. g. age, sex, genetic changes; smoking, food, radiation), and others indirectly (socioeconomic factors particularly -for example living standard, employment, education). These factors have differing intensity in different societies and regions. In this way, people are exposed to a spatial differentiation of determinants of mortality. Since the early 1980's, socioeconomic differences in mortality and health have become an issue of great importance in Europe, North America and Japan. A number of studies indicate significant distinctions between different social groups in terms of health, morbidity and mortality, and at the same time relating to their socio-economic status, level of education and income and other socio-economic factors [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . An individual's position in the social hierarchy is mainly determined by education, income and occupation. Although these three dimensions of socioeconomic status are strongly related to one another, each has its own specific influence on health and mortality. All these selected socioeconomic indicators feature among the basic social determinants of health 7 .
Information about education is available for everyone, and educational attainment remains relatively stable over time.
Also, a cohort effect may occur as the socio-economic status of a certain educational attainment group probably changes over time 13 . A lot of studies confirm the well-known finding that people with high education (including both sexes) have lower mortality compared with the least educated [13] [14] [15] [16] [17] [18] [19] . Basel, 2009 Ecological studies have shown that the educational level of an area strongly correlates with local mortality rates 14, [16] [17] [18] [20] [21] [22] . Level of education also correlates with level of income, which is the basis for measuring socioeconomic position by education or by income. Several recent studies have reported a positive correlation between income inequality and mortality 16, 18, 20, [23] [24] . Mortality rates are higher in populations experiencing highly unequal income distributions (high income inequality) compared to populations with relatively more equal income distributions (low income inequality), regardless of sex. An important measure of social position as well as an indication of his/her income may be a person's employment status. The link between unemployment and social disadvantage is generally accepted within the current socio-economic literature 1 . Unemployment typically involves income loss for the individual, and several studies also suggest that unemployment leads to a reduction in happiness and general well-being. It has furthermore been argued that unemployment may be a health hazard, and many studies have shown that unemployed persons have poorer health and higher mortality than employed people. It is generally recognised that those who are unemployed have lower quality of life and probably worse health and shorter life, particularly for males [36] [37] [38] [39] . For this study, socioeconomic indicators were chosen from official statistics available in the Slovak Republic on the district level. These indicators are of interest for the population in the age group 20-64 years, which is primarily associated with the labour market (economically active population). This part of the population has relatively the lowest mortality rate by age, has finished the process of education and receives a certain kind of income (salary or unemployment benefits). The aim of the present study was to analyse the geographic distribution of mortality in the age group 20-64 years by gender and by small area, and to assess the associations between socioeconomic position and ethnicity and mortality in the districts of the Slovak Republic.
Socioeconomic indicators and ethnicity as determinants
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Methods
The study population covers all inhabitants of the Slovak Republic aged population, two statistical methods were used -linear regression analysis and Pearson and Spearman correlations. Analyses were conducted separately for males and females. Analyses were done using SPSS version 12.0.
Results
The mortality of the inhabitants aged 20-64 years in the Slovak Republic is characterised by a gentle downward trend during recent years; compared to the year 1997 the mortality rate decreased from value 4.51 % to 4.34 % in the year 2002, for males from 6.46 % to 6.30 % and for females from 2.61 % to 2.41 %. The standardised mortality of the inhabitants aged 20-64 years by sex in the districts of the Slovak Republic in the year 2002 is shown in Figures 1 and 2 . In the districts of the southern part of the country the standardised mortality rate appears to be higher for both sexes.
The male population attains a greater range of mortality rates, as the difference between minimum (4.45‰) and maximum value (10.98‰) is 6.53‰. Districts in the southern parts of Central and Eastern Slovakia are among those with the highest standardised mortality rate for males aged 20-64 years. In contrast, districts in the northern part of Eastern Slovakia and the central part of Western Slovakia are among those with the lowest standardised mortality rate for males in that age-group. Compared with the standardised mortality rate for males aged 20-64 years at the national level, which reached a value of 6.30 ‰ in the year 2002, the majority of the districts (43 out of 79) achieved a higher mortality rate than the average rate for the Slovak Republic ( Figure 1 ). The standardised mortality rate for females aged 20-64 years in the examined districts showed less marked disparities; the difference between the marginal values is 2.56 ‰ (minimum value 1.26 ‰, maximum value 3.82 ‰). Higher mortality rates for females are markedly evident in the districts of Southern and Central Slovakia. The majority of the districts (42 out of 79) attained a lower standardised mortality rate for females aged 20-64 years than the average national mortality rate, being 2.41 ‰ in the year 2002 ( Figure 2 ). There are markedly smaller differences compared to males, and the variance between the district with highest standardised mortality rate and the average for the Slovak Republic was only 1.41 ‰ for females (4.68 ‰ for males). Tables 2 and 3 show the basic statistical information about all variables included in the analyses, and differences in tertiary education, unemployment, income and Roma population by gender at district level of the Slovak Republic. There is significantly higher proportion of higher education, unemployment Int Table 4 . This shows the correlations between standardised mortality rate, the percentage of inhabitants with tertiary education, the unemployment rate, average income and the percentage of Roma inhabitants for males and females aged 20-64 years in all districts of the Slovak Republic. For males, correlations between standardised mortality rate and tertiary education, unemployment rate and income were significant at the 0.001 level (2-tailed), but correlations with the Roma population were not significant; relationships shown by Spearman correlation between standardised mortality rate and tertiary education and unemployment rate were significant at the 0.001 level (2-tailed), while average income was significant at the 0.01 level (2-tailed). Tertiary education had the strongest association with standardised mortality rate for males aged 20-64 years in the examined districts. For females, Spearman correlation between standardised mortality rate and tertiary education was significant at the 0.05 level (2-tailed). Other correlations between standardised mortality rate and the mentioned socio-economic indicators were not significant. The relationship between standardised mortality rate for inhabitants aged 20-64 years by sex and socio-economic indicators together in the districts of the Slovak Republic is presented as revealed by linear regression in Table 5 . The dependent variable is the individual standardised mortality rate by districts separately for males and females (continuous); the independent variables are selected socioeconomic indicators by districts separately for males and females (all continuous). The model explains 32.9 % of the variance in standardised mortality rate among districts for males, and 7.6 % of the variance in standardised mortality among districts for females. The proportion of males with tertiary education and unemployed males contributed to the prediction of the standardised mortality rate for males in the districts of the Slovak Republic; however, none of the four selected socio-economic indicators contributed to the prediction of the standardised mortality rate for females in the examined districts.
Discussion
This study demonstrates that the standardised mortality rate among districts in the Slovak Republic in the male population aged 20-64 years can be predicted by the proportion of males with tertiary education and the male unemployment rate in any particular district. The average monthly gross income and proportion of the Roma population do not contribute to this prediction. The proportion of females with tertiary education, the female unemployment rate, the average monthly gross income and the proportion of the Roma population do not predict the differences in standardised mortality rate between districts. The analysis included all causes of death, since the age structure of mortality by causes of death on district level is not available. With regard to the Slovak population in the year 2002, the higher proportion of deceased in terms of causes of death for male and female aged 20-64 years was for diseases of the circulatory system and neoplasms. Most of the published studies dealing with spatial analysis of mortality refer to the significant relationship between socioeconomic indicators and mortality rates for both sexes 2, 4-5, 8, 10-11, 14, 16, 20, 23, 30 . There are also studies, however, which came to similar conclusions as we do in ours. In these stud- of regional mortality rates in Slovakia ies, the relationship between socio-economic indicators and mortality is significantly higher for men than for women 4-5, 8, 11, 23 . These analyses come predominantly from European countries (Hungary, Spain), US metropolitan areas and from Japan. However, there is a limitation in these studies. Most of them concern the whole population from birth to death. This significantly distorts the results because of the higher mortality among older people, which in turn increases the general mortality rate. In our study we tried to avoid this limitation by including only people aged 20-64 in our analyses. This part of the population suffers from the lowest values of mortality as a consequence of the typical u-curve of mortality by age, so extrinsic factors (especially socioeconomic and health conditions) have greater influence on mortality in the 20-64 years age-group compared with the elderly group, where the effect of diseases on mortality is more predominant. Accompanying the changes in political and social conditions in the Slovak Republic starting in 1990, there was a strong change in the demographic trend, which may be termed as transition to a new model of reproductive behaviour. Since that time, the period of mortality stagnation has ended and life expectancy for both sexes has increased. The relationships between socioeconomic factors, health and mortality indicators in the population and its selected groups have started being much more intensively studied and analysed. A similar situation has also emerged in the Czech Republic, where two studies concerning spatial analyses of mortality and socio-economic status have been performed 19, 30 . However, the spatial analyses studying these dependencies are still lacking in the Slovak Republic. We believe therefore that the present study brings important knowledge to fill the information gap about the Slovak Republic, as a necessary part of the whole picture of developments in Central Europe. The available analyses from Slovakia focus mainly on the health status of the population, the majority of them are applied only at state level and compare Slovakia as a whole with other countries [34] [35] 40 , and very little analysis has been done at district level 6 . The results of these analyses show, similar to European studies, that social and economic conditions (educational level, poverty, unemployment) strongly influence the health of inhabitants in the country. There may be several reasons why this study has revealed different correlations between standardised mortality rate and all four indicators for socio-economic position for males and females, and also why there is different explained variance in the standardised mortality rates per district by gender. Firstly, the distribution of standardised male mortality rates among the districts of the Slovak Republic is markedly different from female mortality. Women are characterised by much lower values for mortality, and their range is lower as well.
The influence of particular socioeconomic factors on female mortality rate is then less striking. Secondly, the indicator of average monthly gross income should be an important factor, but at present this is available only for companies with 20 and more employees at the district level in Slovakia, which is a limitation of the present study, because the proportion of smaller companies and selfemployed is relatively high (about 40 %), and we do not have data showing the income rates for male and female employees in the smaller companies. Figures for the proportions of smaller companies and self-employed are more inaccurate at smaller territorial level. This shortage of data probably explains the lack of significance in our results regarding the relationship between average monthly gross income and mortality rate for both sexes. Thirdly, concerning the rate of unemployment in the districts of the Slovak Republic, noticeable differences between males and females can be seen. The rate of unemployment for males has a wider range between districts than for females. At the same time the number of districts with a higher rate of male unemployment is evidently larger than for female unemployment. The phenomenon of unemployment among females is artificially reduced by household work or maternity and parental leave, which lasts for three years in the Slovak Republic. Furthermore, it has been found that females experience their unemployment less negatively than males, which could lead to lower mortality rates 3, 10, 25, 27, 29 . These could be the reasons why the overall influence of female unemployment on their mortality is reduced. According to the UNDP report 36 , in Slovakia the health of the Roma population is assessed as being worse compared with that of the majority, which might be due to their poor socio-economic situation (low educational level, high unemployment rate, high proportion of poverty) and the related unsuitable living conditions and infrastructure in their places of abode, especially in the settlements. Results from published literature on Roma health in Central Europe show several differences between the Roma population and the general population. Among the Roma higher birth and fertility rates are found, but also higher death rates, earlier start of reproductive activity and longer reproduction period, lower life expectancy and higher rates of illness [36] [37] [38] . The Roma population is also disadvantaged by lower education levels and greater illiteracy, which represent a major barrier to successful involvement in the labour market 36 . The strengths of our study are the area-based design and age specification of the population. In many countries individually-based data on mortality by age are not available, while area-based data are mostly available and comparable. Focusing on lower geographical level (e. g. areas, regions, districts) seems to be more accurate than country comparisons or state level analysis, but studies based on sub-national entities are less common 2-6, 10-11, 14, 16, 18, 20, 23-24, 28, 30, 32-33, 38 . Some of these studies focus only on analysis of a given area and do not include spatial comparison between them 28, [32] [33] . The limitations of the present study are lack of data on income and on the proportions of Roma population. The indicator of income (average monthly gross payment) is available only for companies with 20 and more employees at the district level in Slovakia. The proportion of such enterprises is about 60 %. However, the total number of small enterprises can not be determined due to unavailable data. Its determination is further impaired with decreasing size of the territorial units assessed. This phenomenon probably explains the lack of significance in our results regarding the relationship between income and mortality rate for people aged 20-64 years in the districts of the Slovak republic. As for the data on the population with Roma ethnicity, our source was the national population census, in which everybody may freely claim their own ethnic background. The majority of the population links their ethnic background with their ethnic affiliation. There is an exception in the Roma ethnic group, however, as they mostly claim ethnic backgrounds other than Roma. Most frequently they associate themselves with the majority ethnic group in a given territory (which means in most cases either Slovak or Hungarian backgrounds). Some previous studies dealing with mortality and socio-economic inequalities in European countries have examined this association primarily at the individual level. In the present study, we wanted to explore regional differences, so we carried out the analyses using data at the district level. This study is a spatial analysis of mortality, which includes all deaths in a particular period in all districts of the Slovak Republic. By and large, the results indicate the great need for continuation with further analyses of mortality and its determinants. In a following study the population mortality should be analysed in relation to other socio-economic factors. Furthermore, it would be interesting to study the relationships between mortality and separate factors in the context of their change over time. The last decade has seen major developments in public health policy in a number of societies. The traditional focus on improving the population's overall health has been widened to include a commitment to reducing health differences between population groups 7 . No official policy focusing on mortality and reducing regional differences has been developed yet in the Slovak Republic; although policy on the studied variables exists. The important concerns are currently labour market policy, education policy and income policy; there is also some social reform in progress with impact on senior citizens (pension reform). These policies are focused on individual groups within the population with regard to the given issues; they are not focused on regional proportions, but it might be expected that the combined effects of such policies will contribute in the end to reducing regional differences in mortality. In the Slovak Republic there is a lack of well-developed family policy with support for the function of the family and services for families; the interconnectedness of the educational system with the labour market is weak; and policies focusing on better solutions for problems of the Roma population and their integration in society are still underdeveloped.
In conclusion, the results of this study point out a striking mortality differentiation in relation to selected socio-economic indicators (educational level, unemployment rate and income) by gender in the Slovak Republic. In males, educational level and unemployment rate contributed to the prediction of the standardised mortality rate in the districts of the Slovak Republic in the population aged 20-64 years. In females, no significant connection was found.
